Topological insulators (TIs) have induced tremendous interests not only for demonstrating a novel classification approach of matters based on the topological electronic structures but also because of manifesting many of exotic phenomena protected by time-reversal symmetry, such as gapless helical states with Dirac-like dispersion on the surface or edge, and quantum spin Hall effect in two-dimensional (2D) TIs [1] [2] . When introducing magnetism into TIs, the time-reversal-symmetry breaking brings even richer novel quantum effects [3] [4] . A paradigm is the quantum anomalous Hall effect (QAHE), an integer QHE at zero external magnetic field, appearing in 2D Chern insulator with a non-zero Chern number. After theoretically predicted in honeycomb lattice with staggered magnetic fluxes [5] , the experimental realization of QAHE has been sought for years, until it was observed in ferromagnetic (FM) TIs induced by magnetic dopants [6] [7] [8]. But the prefect QAHE in FM TI thin films can only be observed at temperature region (below 2 K) much lower than Curie temperature (a few tens of Kelvin) [6] [7] [8] [9] . In addition, the harsh experimental conditions like precisely controlled composition and homogenized extrinsic magnetic dopants also make the exploration of related emergent phenomena and potential technological applications become unattainable.
Intrinsic magnetic TIs with periodic magnetic lattice avoid the inhomogeneity of extrinsic magnetic dopants and provide a possible route to realize high-temperature still exhibits the absence of zero-field FM state at high temperature and the quick decrease of anomalous Hall conductance above 2 K [25] [26] . In this work, we demonstrate that MnBi 6 Te 10 , the third member of the homologous series of (MnBi 2 Te 4 ) m (Bi 2 Te 3 ) n (m = 1 and n = 2) ( Fig. 1a ), is a strong TI with Dirac surface states in band gap at paramagnetic state and becomes an AFM TI at low temperature.
More importantly, the FM axion insulator state appears at field as low as 0.1 T. Such FM state with saturated anomalous Hall resistivity persists at zero field and 2 K, and still observable even up to 10 K at 0.1 T. Thus, it is significantly superior than all of other known (MnBi 2 Te 4 ) m (Bi 2 Te 3 ) n materials, in favor of the realization of (nearly) zero-field QAHE in 2D limit.
All of peaks in XRD pattern ( Fig. 1b ) can be well indexed by the (00l) reflections of MnBi 6 Te 10 [28] , indicating that the surface of crystal is parallel to the ab plane, consistent with the morphology of crystal (inset of Fig. 1b ). The refined c-axial lattice parameter is about 102. 19 (2) Å. It is close to the reported value (~ 4 101.985(8) Å) [28] and much larger than those in MnBi 2 Te 4 (~ 40.888(2) -40.932(2) Å) [12] [13] [29] and MnBi 4 Te 7 (~ 23.815(3) Å) [28] . The measured actual atomic ratio of Mn : Bi : Te is 0.73(7) : 6.70(2) : 10.00 when setting the content of Te as 10.
Deviating from the stoichiometric ratio implies the possible existence of Mn-Bi antisite defects in this material, similar to MnBi 2 Te 4 [12] . hysteresis. Above observations confirm that the magnetic easy axis is along the c axis, consistent with the M(T) results. The almost same saturation moments for two filed directions imply that the spin orientation can be polarized easily by an external field irrespective of the crystal orientations.
The zero-field in-plane longitudinal resistivity ρ xx (T) exhibits a metallic behavior when T > 20 K (Fig. 1g ). With further cooling, ρ xx (T) shows a cusp centered at 11.5 K (inset of Fig. 1g ), possibly caused by the enhanced electron scattering from spin fluctuations. Then below 11.5 K, a sharp decrease of ρ xx (T) reflects the weakened spin-disorder scattering due to an onset of long-range AFM magnetic order. With increasing c-axial fields, the cusp is suppressed and becomes a smooth drop at 1 T ( Supplementary Fig. 1 ). All of these are consistent with the A-type AFM state at zero field and polarized FM state at high field as shown in Fig. 1f .
Low-field magnetotransport properties further demonstrate that bulk MnBi 6 Te 10 crystals can exhibit anomalous Hall effect. As illustrated in Fig. 2a , for the M(μ 0 H) loop at T = 2K, the polarized FM state can be persevered at zero field and decreases at |μ 0 H| = 0.01 T. This is remarkably different from MnBi 2 Te 4 in which the FM state can only appears when μ 0 H > 3.5T [10] [13] , and also superior to MnBi 4 Te 7 where the FM state becomes to be weakened either at finite positive field [25] or when the field is just crossing zero [26] . There are two plateaus in the M(μ 0 H) curve near ±0.1 T, suggesting MnBi 6 Te 10 enters the AFM state between the FM states. The non-zero moments of plateaus imply that there may be some residual FM layers in the AFM state.
The Hall resistivity ρ xy (μ 0 H) exhibits perfectly linear behavior with negative slope at high-field region (0.3 T -3 T) in the whole measuring temperature range (2 K -300K) (inset of Fig. 2b and Supplementary Fig. 2 ). It clear indicates that a single n-type carrier is dominant in MnBi 6 Te 10 , in agreement with the ARPES results. The normal Hall coefficient R0 is evaluated by linear fit of high-field ρ xy (μ 0 H) (0.3 T -3 T) ( Supplementary Fig. 2 ) and the apparent carrier density n a is deduced using the single carrier model n a = 1/|e|R 0 (Fig. 2g ). It is in the range of 4×10 20 -6×10 20 cm -3 , close to those in MnBi 2 Te 4 and MnBi 4 Te 7 [25] [26] [29] . The anomalous Hall resistivity At higher temperatures, although the zero-field ρ xy A (μ 0 H) decreases to nearly zero quickly (Fig. 2d ), similar to M(μ 0 H) curves ( Supplementary Fig. 3 Supplementary Fig. 3 ) and ρ xy A (μ 0 H) become very small. Actually, at 2 K, such plateaus also appear but shift to the field ranges of ± (0.03 -0.13) T (Fig. 2c) . Because the AFM state should appear in these field regions ( Fig. 2a and Supplementary Fig. 3) , it strongly suggests that MnBi 6 Te 10 could host AFM axion insulator state, as observed in 6 SLs of MnBi 2 Te 4 when field below 3 T [24] . On the other hand, in the polarized FM state, the decrease of ρ xx (μ 0 H) with increasing field, i.e., negative magnetoresistance (MR), can be partially ascribed to the suppression of spin-disorder scattering. The negative MR becomes positive one at higher fields or temperatures ( Supplementary Fig. 2) , possibly due to the dominance of normal positive orbital MR.
In order to illuminate the topological properties of MnBi 6 Te 10 , first-principles calculations were carried out. At high temperature, the magnetic order is absent. Here, 7 an "open core" treatment of Mn 3d electrons has been used to treat them as core states.
The corresponding band structure with SOC is presented in Fig. 3a , which shows there is a gap at E F . Based on the Fu-Kane parity criterion, the computed Z 2 indices are 1;(000), which indicate that it's a strong TI in the PM state at high temperatures. In contrast to the high-temperature PM state, the AFM state emerges at low temperature, and there are two Mn atoms with different spin orientation in an AFM unit cell. In the AFM configuration, the spatial inversion symmetry P (with the origin located at a Mn atom) is preserved. Even though the TRS Θ is broken, the two kinds of Mn atoms can be related by a half translation of the lattice vector (i.e. Table I . The obtained ν AFM0 = 1 suggests that it's an AFM TI with a clear bulk gap in Fig. 3b , resulting the gapless surface states on the side surfaces where the anti-unitary symmetry S is preserved.
Most interestingly, the FM state can be stable even though the external magnetic field decreases to zero at the temperature T = 2 K. Thus, we calculated the band structure with the FM configuration, as presented in Fig. 3c The electronic structure of the four-trilayer slab is presented in Fig. 3d , with an energy gap of 20 meV. Its Chern number is obtained to be -1 from the Wilsonloop calculations in the inset of Fig. 3d (See more results in Supplementary Fig. 4 ). As a result, the QAHE can be expected in the few-layer films of MnBi 6 Te 10 with no external field.
To confirm the topological properties of MnBi 6 Te 10 , we have used angle-resolved photoemission spectroscopy (ARPES) to measure the electronic structures on the (001) surface. The ARPES results are summarized in Fig. 4 . The data
show that the MnBi 6 Te 10 samples are electron doped, in agreement with the negative Hall coefficient. The conduction bands lie above -0.2 eV and the valence bands lie below -0.4 eV, forming a band gap of around 0.2 eV, which is consistent with the band calculation in Fig. 3 . The most remarkable feature in the ARPES data is the existence of Dirac surface states within the band gap. The Dirac point is located at -0.29 eV in the middle of the band gap. Fig. 4a and b shows that the band dispersions of the Dirac surface states and bulk states do not change with photon energy. As shown in the band calculation in Fig. 3 , the bulk states are quite two-dimensional due to weak interlayer coupling.
We also observed the Dirac surface states using laser ARPES with a photon energy of 7 eV, as shown in Fig. 4c-f . The band dispersions near the Dirac point can be determined in the laser ARPES data. As shown in Fig. 4e and 4f , the lower branch of the Dirac surface states has a "" shape, while the upper branch has a shallow "W" shape, which is obviously different from the linear band crossing in MnBi 2 Te 4 and In summary, we have demonstrated that the A-type antiferromagnet MnBi 6 Te 10 is an AFM TI, which is converted into a FM axion insulator state under the field as low as 0.1 T, leading to an AHE without any external field at 2 K and constant anomalous Hall resistivity up to 10 K. These conditions are easily accessible in many experimental studies. MnBi 6 Te 10 provides a very promising platform to realize the QAHE as well as other exotic topological quantum effects at high temperature and (nearly) zero field. Theoretical calculations. The calculations were performed using the full-potential linearized-augmented plane-waves (FP-LAPW) method as implemented in the WIEN2K package [38] . The exchange-correlation in the parametrization of Perdew, Burke and Ernzerhof within GGA was applied in the calculations [39] . SOC was included as a second variational step self-consistently. The radii of the muffin-tin sphere R MT were 2.5 bohrs for Mn, Bi and Te. The truncation of the modulus of the reciprocal lattice vector K max was set to R MT K max = 7. The k-point sampling grid of the BZ was 12×12×12 for paramagnetic and ferromagnetic states, while that was 6×6×6 14 for the calculations for the antiferromagnetic states. The experimental lattice parameters were employed in Ref. 28 . The atomic position optimization was carried out until the maximal force on each ion becomes less than 0.01 eV Å -1 . In order to simulate the high-temperature PM state, an "open core" treatment of 3d electrons was used in effect regarding these as core electrons [40] . In the FM (or AFM) calculations, the GGA + Hubbard-U (GGA + U) method was adopted, and the exchange parameter U = 4 eV was applied to the Mn 3d states. vdW corrections were included by the DFT-D3 method in the calculations for the slab structures. 
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